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IF the actions of the Sun and Moon upon the different 
parts of the earth were equal; or if the earth itfelf 
were perfectly fpherical, and of an uniform denfity from 
the center to the furface; in either cafe the attractions of 
thofe remote bodies would have no efFe<St on the pofition 
of the terreftrial equator, and the equino£tial points 
would conftantly be the fame in the heavens. But it was 
impoffible to give the earth a rotatory motion round an 
axis without giving at the fame time a centrifugal force 
to its parts. This force is greateft at the equator, and is 
in a contrary direcStion to that of gravity; on either JSde 
of the equator the force is lefs; and, moreover, only 
part of its efFeas is oppofed to that of gravity. It is ufual 
in determining the figure of the earth to confider the 
whole mafs as in a ftate of fluidity, and the different co- 
lumns as fuftaining one another at the center. If the 
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earth be conlidered as a hard body, firmly cohering in its 
parts by feme other force befides that of gravity, it does 
not feem neceffary that the different columns fliould be 
fuppofed to fuftain each other at the center, though in 
both cafes the direction of gravity mufl: at every point of 
the furface be perpendicular to the tangent of the figure.. 
But we know, that there is a cdnfiderable quantity of 
water upon the ftirface of the earth ; and, therefore, if 
the equatorial regions were not higher than the polar, 
they certainly would be overflowed by the Ocean, which 
is contrary to experience.; and for this reafon the propor- 
tion of the diameters of the earth, determined upon the 
falfe fuppofition of an entire fluidity, cannot differ much 
from the truth. 

§ %. But the preceffion of the equinoxes, which de- 
pends upon the unequal anions of the Sun and Moon on 
the protuberant parts of the earth at the equator, will 
not be the fame in thefe different hypothefes ; at leaft we 
can never be certain that it will be fo until we have com^ 
puted their effects, and the computation itfelf muft pro- 
ceed on different principles. Suppofe the earth to be 
fluid under the form of an oblate fpheroid; or, what is 
more fimple, fuppofe the region of the equator to be fur- 
rounded with a ring of fluid matter, and the unequaj 
asflion of the Sun will difturb the figure of the ring, and 

communicate 
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Gommunicate a motion to its parts. Suppofe we knew 
the precife difturbing force of the Sun upon any one 
particle of this ring according to its fituation ; in that cafe 
we could eafily find the velocity which would be com*- 
municated to fuch a. particle in any given time;, but the 
mutual adtions of the fluid particles upon each other 
could never be exailly eftimated, much lefs their effe(5ts> 
in endeavouring to turn the whole earth round its cen^ 
ter. However, it is eafy to fee, that in the cafe of a hard 
ring of matter cohering clofe with the furface of the 
earth at the equator, both the law by which the particles 
a£t on each other,, and on the whole mafs of the earth,, 
will be widely different from the cafe of fluidity, and the 
effects much greater in altering^ the pofltion of the axis 
of rotation. 

To explain this by an eafy example (fig. i,) let a^ b, 
and c, reprefent three fmall bodies in th^ fame horizon^ 
tal line ae. Suppofe a to defcend by any accelerating 
force as gravity ; B^ta defcend by the fame force, a lefs or a 
greater;, and c not to be aited upon at all: in every one 
of thefe cafes the bodies a and b will defcend with their 
refpeftive velocities, and the body c will preferve its 
fituation. If a and b are fmall particles of fluid of aay 
form,, and c a hard one, and if the particle a be placed 
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in conta<£t with b, have its center of gravity a little above 
the center of gravity of b, and is a6led upon by the 
greater accelerating force ; in this cafe we may conceive 
how the a6tion of a may difturb the motion of b, and in 
the fame way how the hard particle c may receive a 
fmall motion from the adions of a and b. Then this 
motion mnft be extremely little compared with the 
whole motions of a or b^ and fl-ill a great deal lefs if c 
be ftrongly connected with a ftring of hard particles 
along the line CI, fo that c cannot be moved without the 
whole line ce turning round the immoveable center E- 
Now if A, b, and c, be fuppofed hard particles firmly 
connected to the lever ae, then it is plain that the velo- 
city of c, whatever it is, muft be in proportion to that of 
A and B as their refpe<Stive diftanccs from e the center of 
motion, and this, whatever the impulfive forces are with 
which A and B are urged in their refpe£tive direitions. 

The body c being ftill fuppofed void of gravity, let 
the bodies a and b be urged by forces perpendicular to 
AE in any fmall equal times through the unequal fpaces 
s and i, and let the magnitudes of the bodies be repre- 
fented by a, b, and c refpe6tively. Then the fpace 
through which a is aftually urged in that time will 
caniy appear from mechanics to be reprefented by 

% AK 
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A X AE X f 4- bx BE X f X AE aiKJ the fpace defcribed by c is 

:aX AK*-t*» >: BE*+C,X CE* 



AXABx.^fiXBEK .xc E ^ g^^ article thc 13th. 

AXAl*+BX9E*4-CxeE* 

§ 3. The precediiig article being tirell iinderftood, 
whatev^er ddiibts may remain concerning the motion of 
a ring of matter ojnfidered as detached from the earth, 
we m^y be certain that the motion of the nodes of the 
eqigii^f can never be the fame, whether we fnppofe the 
ring at the equator to be fluid and to reft uporf the fur- 
face of the eartib, partaking of the diurnal motion, or 
whether we fupf^e it hard and compact, and by its coi- 
iiefiofl Gommumcating a proportional degree of motion 
to the diferent parts of the earth. In fa£t, the problem 
of the preceflBion of the equinoxes, which has hitherto 
been wtifidered as extremely difficult, and in its folution 
drawn out by authors to an immeafurable length, re- 
quires no principles but the received do<9:rine of motion, 
and the application of the lever, which have been made 
ule of in the laft article. In that article we fuppofed the 
liKKiies A and b to be impelled by different forces in pa- 
rallel lines, and we eftimated the real fpace, which either 
A ore in any fmall time would defcrihe in confequenee 
of thofe^impulfive forces and their mutual conaedtion 
hy an inflexible lever^, Npw this is precilely what is re- 
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quired to be done in the cafe of the Sun^s unequal a£lion 
on the protuberant parts of the eqiiaton The exceffes 
or defeats of that unequal action are to be confidered as 
forces applied to thoie parts, which would move them 
according to the different circurnftances through un- 
equal fpaces proportional to the forces in; equal times of 
a<5tidn, provided the particles were at liberty to move 
freely in- the dire6tions in which they are urged ; and, 
laftly, the real fpace muft be computed through which a 
particle moves at ionxe known diltance from the center 
of the earth in conlequenceof thefe various forces. This-^ 
whole procefs will not di&r from the ^afy example al* 
ready defcribed, except in the. length of the calculation, 
and the proper management of the dcxSlrineof fluxions ;: 
and it feems advifable in difficult fubjeils always to begint 
with fimple inAances before we proceedtothofe which are 
more complex^ and to diftinguiffh the algebraical opera*- 
tions from the principles upon which they are founded.. 
§ 4. In order to determine how much any particle of 
the earth is ?tffe<5ted by the unequal a<aion of the Sun^ 
(fig. 2.), let CADB reprefent the earthy s the Sun at a 
great diftance, and cd a plane perpendicular to the line 
ST joining the centers of the Sun and earth. If sk or st 
reprefent the accelerating force of the Sun on a particle at 
the earth's center, and sl be taken to sk in the duplicate 

ratio 



PreceJfioH of the Zquimx^s. t^ix 

ratio of ST to sp; si» v^ill reprefent.the attraction- on any 
particle P;, and by the relblution of motion t;;^ or PL will 
reprefent the perturbing force of the Sun on the fame 
particle. By the conftrudlion sl : sk :: sK^ : sp% and by 
divifion kl : sk :: sk^-sp^ : sp^ :: skl + spx pk : sp^ and pl 
or Tfn is nearly equal to 3pk, and as j^pk is to sk or st, 
fo is the fpace defcribed by p in any fmall time in the di- 
re<ftion pk, to the fpace defcribed in the fame time by 
the center of the earth in confequence of the Sun's at- 

tra<Stion. Thislaftfpac« is equal to— where j5? repre- 

fents the aire defcribed by the earth's center during any 
fmatl mofton in its orbit, and the former is equal to 
2!£iff-i This is the fi>a0e which would be tiefcribed by ? 

in the dire6tioh pk if the particle Was at liberty to rjiove 
freely. Let us at prefent fuppofe that no other particle 
is difturbed by the Sun's attra«5lion except this one, and 
then proceed to enquire into the ejEFe6ts of this diiturb- 
ance when p by it's cbhefion communicates a itiofidil to 
the different parts uf the earth, which is farther con- 
ftrained to turn round an axis T, the common interfec- 
tiori of the plane cd and the terreftrial eqnator. From 
the laws by which motioii is communicated, arid the pro- 
perty of the l*eTer, it eafily appears, as in thefecond arti*- 
*ie, that the fpace through which any particle of the 

j^ X X 2^ earcn s 
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earth's equator is impelled at the greateft diftance from 

the axis t, is to ^^^^the fpace which would be dcfcribed 

in the fame time by any particle at liberty, the magnitude 
of which is reprefented by p, as px ktx the radius of the 
equator to the fum of all the particles of the earth mul- 
tiplied into the fquares of their refpedlive diftances from 
the faid axis. 

To compute this fum in the eafieft way, and by an 
approximation, which is quite fufficient when the polar 
and equatorial diameters differ little from one another; 
let DP£ (fig. 3.) be a fphere whoferadius is unity, divided 
into an infinite number of thin cylindrical furfaces, 
whofe bafes are the circles naq^; it is obvious, that all 
the particles in any one of thefe furfaces are at the fame 
diftance ca=a; from the axis of motion perpendicular to 
the plane of the circle naq^ Call AP,_y, and a, the area 
of the circle dpe and the fluent of 4AAr^iy, or of -^hx^fy^ 
becaufe xx = -yy gives the fum of all the particles in the 
fphere multiplied into the fquares of the refpe6live dif- 
tances from the axis. This fluent correcSted is equal to 

— , and muft now be diminiflied in the ratio of i to 

I - 2/>, if we fuppofe the earth to be an oblate fpheroid 

whofe equatorial diameter is to the polar as i to i-pi 

4 and, 
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an:d,laftly,the.fpaGe defcrited by a particle at th^greateft 
diftance from the axis is equal toi^J^^M:^^^ 

§ 5. In fig. 4. let piA/)DK reprefent the earth ortho- 
graphically projeited on the plane of the folftitial co- 
lure, p, /), the poles, ik a leffer circle parallel to the equa^ 
tor, and vape z fphere defcribed with the polar radius 
pt: then, fince the particles without the globe only are 
concerned in changing the pofition of the axis of rota- 
tion, let L reprefent fuch a particle fituated in the cir- 
cumference of the circle ik, and by the preceding article 
its efFea will be 45lxlmxmtx^- ^^ ^ j^ ^^^ ^^^^ ^_ ^ 

reafoning, when two equal particles l, /, are fuppofed to 
be difturbed by the Sun's attra6tion, the fpace defcribed by 
that point of the eqiiatorv which is at the greateft diftance 
from the axis of rotation or the common interfeftion of 
the plane cd and the equator a, will be equal to 

4c« Xlxlmxmt+/x/wXwt j^u^r _ a. i. i j r 

^ ; — ; Z=== , and the fame argument holds for 

l6ST* X AX I— -Z/* ^ 

every other particle without the fphere. 

The fum of all the lxlmxmt+&c. muft now be 
found; and for this purpofe Sir isaac newton's con- 
fl:ru6lion is, perhaps, as convenient as any that has hi^ 
therto appeared. In the fame figure n;^ is parallel, and 
xy perpendicular, to cd ; take lx=x/^ and let m^ n^ repre- 
fent 



514 ^^^ MILNlK 0^ 00 

ient the fine and eofine of tlte aagle oT^ fto th^ t^im 
Unity. It is eafy to prove in iiis way that ii x i.M >< avirr: 
•^Ixlmxmr i% equal to ti l x ;;? xn x l x^ - t a;% and tbe 
fluent of uoc"" multiplied into the fluxion of the circular 
arc luX is eafily foi;ind in the following manner, without 
having recourfe to tables of fluents, or the methods of 
continuation. 

From a known analogy the fluxion of the* are l^ i^ to 
the fluxion of its verfed fine as the radius t^x of ^i^ famg 
circle to l a; the right fine, l x multiplied into thq fluxion 
of the verfed fine is the fluxion of the area ^ the feqai* 
circle l/, and calling i;^;,/, the flu^erit mi tiT* mvit^^li^^ 
into the fluxioil of the arc hx' is evMenHLy ^©qti^i to 

^, where a ftill reprefents the area of a circle whofe ra- 
dius is imity : hy is equal to the fendi-circmtlference IK 
and A^xT^v* is equal to the fluent of T^' mtri^ipU^cJ totd 
the fame fluxion, and calling rx^ <i^,;and fubftdtxitiiig for 
I / its equal py^ the fum of all the l x lm x jit ^Mq^ v^ tlji^ 
annulus i / is equal to m nph ^y^—Q^y^^-. This lafi ifkH^n^ 
tity multiplied into the flustidri af ^, attdthe flltenftiitfcea 
hy the common method wheu v is equal to tf or lirtity 

nearly, comes out l£i:2I and twice this quantity gives the 

fum of all the L x lm x mt, without the whple fphere p ap^ 
and therefore the fpacedefcribed by a particle of the equa- 
tor 
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tor in the circle of the Sun's decimation while the center 
of the earth is carried through the fpace z of its orbit 1$ 

equal to- ^^^.!.S => and may be fuppofed to be equal to 

mil.^. the alteration produced by the corredlion in art- 

4. on account of the fpheroidical figure of the earth 
being too inconfiderable to afFeit the conclufion. 

§ 6. We are to obferve,. that the fpace ^i^I^^ defcribed 

by that point of the equator, which is the interfedlion of 

■ • 

the circle of the Sun's declination, is generated by the 
perpetual attraction of the Sun. This attraction may be 
reckoned conftant during the very fmall time of the* 
earth's defcribing z in its annual motion;, and, therefore,, 
the faid point of the equator, at the end of that time, will 
have acquired a velocity which would carry it through 
2t^ll in the fame time. 

§ 7 . Let T reprefent the time of the earth's revolution) 

in its orbit, t the time of its rotation round its axis^ 

• - 

and fuppofe ^ to be a fmall arc fimilar to z in a circle 
whofe radius is unity. In figure 5. let AC^be the equa- 

tor, and take hb equal to — , and bt perpendicular to a^ 

equal to 3/>>;^/^^% and A^, bty will reprefent the direc- 
tions and quantities of the two different motions of the 
point A, and confequently Kt will be the direction of the 
a new 
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new equator, and as Kb or At is to btyik) is the radius 
unity to the fine of the angle t hb^ and if ACi^or ag be 
taken equal to a quadratit, GC^the naeafure of the angle 

GA(tis equal to 5.^:^^ 

§ 8. Suppofe s the Sun's place in the ecliptic ns, n the 
equinoctial point, na the Sun's right afcenfion, and ro z, 
perpendicular on an : then re is to oQ^as the fine of an 
to the radius, and r N to ro as the raoius to the line of the 
angle at n the inclination of the ecliptic to the equator, 
and, ex. aquo perturbate,^ tn to GQ^as the fine of an to 
the fine of n and rN the fmall preceflSon of the eqtii- 

noxes IS equal to^p^n x gjj— • 

§ 9. In the fphprtcal triangle As:rsr, the fine of an =: 

m X cof. 1 
»xlin,N 

SN=7r— - and rN is equal to ^ -■ — , whole 

fin. N ■ ■*• ^ 

, III I , |- I -i -f-— — ^— — 

fluent or ^x 2^ -fin. awx cof. n gives the precelSon 

of the equinoxes during the Sun's motion through the 
arc NS of the ecliptic: when ns is equal to a circle, then 
the whole fluent becomes equal to 2^ x cof. n, and as 

^T is to 3/)/xcof. n, fois 60x60x360 to 21^^+6^''^ the 
annual preceflSon of the equinoxes in feconds produced 
by the Sun's attraction. 

§ 10. 



cotaiig. NX tang. AS=^'^— , and farther the fine of 
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4 la We might aow jH:ocec(i in a fimilar way to in- 
ifieftigate the ^ffeifls of the Moon^s difturbing farce, the 
totatiDQ of the earth's axis^ and the equation of the pre- 
ceffion; but fince thefe propofitions are purely mathe- 
matiical^ and the computations have already been gone 
through by othc'r atlthors, it will be needlefs to repeat 
them here* 

^11* NEWTON traa the firft who attempted to explain 
ii& preoeffion of the equinoxies from hs caufes. Since 
\m time various other fcfttitions have been given us by 
the moft celebrated mathemiapticbn$ ; and it deferves to 
be noetked, i3iat, in a cafe ^ere there caot be little doubt 
that hQ idras miftakeai odier authors have found it diffi-- 
ctdt to 9gi«e among themfelves in differing from him. 
M« p'4LSB||(£|Ltv in the year 1749^ printed a treatife 
e^pfe&ly chi dM^ ftifajcdt, and iias iinoe fkid ^"^^ that him- 
Ikii is ffcknovrlcdged to be tbte firft who determined 
rightly the method of folving fttch i^vbiem^. suLsa, dje 

s«K»oi^JMve«a4i GQofidered theiabje<a:^ arid perha$i^' 
the im|«taDce of the enquhy would juftify a minute 
txsuxiination into the cairfe of die agreement or difagreeT- 

(^) TT)f\\\tMfiy dfef g^omctrcs, vraimcnt capaMcs d^apprecler nton travaU, 
•flft«boi«i«tiiKtt»fuppte^4 tow autrertcmoignagt, en aedwnjb <;pKr j'ai ooveit 
le premier U roHt« pour refoudre ce gpnre de qodftioos* See Opufc. Math* 
to!. V. for la Preceflioa des Equinoxes* 

y»i.. LXIX. Y y y meat 
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ment of their feveral methods; but I am deterred 
from entering into fach a difcuffion by the length of 
time which it would require; efpecially as I think thofe 
who have read the authors mentioned will eafily con- 
ceive the fubftance of what I fhould have to obferye, and 
to thofe who have not read them I Ihould hardly be able 
to fay any thing intelligible. 

§ 1 2* The above folution, if it had no other advan- 
tages, is,, I apprehend, much more concife than any that 
has hitherto been given. Abftradled from what is faid 
by way of illuftration, articles 4th to 9th contain all the 
calculation requifite, and as I have ftudioufly avoided the 
ambiguous ufe of the terms fo^ce^ vis^ efficaeiay mo^ 
mentum^ &c. as well as every doubtful reprefentation of 
times, fpaces, and velocities, which are often fubllituted 
by authors in equations, I believe, the whole procefs will 
appear eafy, and the evidehce upon which the concluiion 
refts be exactly afcertained. 

§ 13. The principles defcribed in articles 2. and 4* 
depend upon the third law of motion, and the property 
of the lever, and are demonftrated in the following man- 
ner. Every thiag remaining the fame as in art. 2. (fig. 
6.) let AV and br^ perpendicular to the right line or axis 
AE, reprefent the forces and diredions with which thofe 
bodies are refpeilively urged, when at liberty to move 

I freely 
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freely in thofe direStions; and let av^ bt, cr, reprefent 
the accelerative forces of the refpe<Stive bodies, as altered 
by their mutual actions upon each other: then, becaufe 
C'xcc is the moving force gained by c, and Ax x?v + B xtr 
the moving force loft by a and b, regard being had to 
the lengths of the different levers ae, be, M^e fliali have 
A X ^;v X AE + BxTRxBE equal to c X c ^ X CE, that is, 

AxAEx Av-Ai;+BxBExBR-Br equal tocxc^xcE, and 
by tranfpolition ax aex av+bxbexbr equal to cxcEx 

c^+Ax AEx Ar+BxBExBr. Let J", i, reprefent, as in 
art. 2. the fpaces v^hich would be defcribed by the bodies 
A and B at liberty in any very imall portion of time, and 
let X be the fpace which a actually defcribes in that time 
when connected with b and c by the lever ae. The 
quantities IHI^ x^^^ will then be the fpaces defcribed 

byB and c refpe6tively ; and, laftly, becaufe the fpaces de- 
fcribed in given times are as the accelerating forces, the 

above equation gives a; equal to |nE^txB^?c^ - 

The fame method extends itfelf eafily to more diffi- 
cult cafes, and by its affiftance feveral very important 
theorems are briefly demonftrated. 

§ 14. The reafoning made ufe of in art. 6. will ap- 
pear very evident to any one moderately verfed in the 

Y y y 2 elements 
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elements of mechanics and the doilrine of moving 
forces; and therefore I mull believe that it is by miftake 
that one author of note entirely omits fo neceffai'y a ftep 
which afFe^ls the couclufion by juft one half* When a 
body moves with any velocity in the dire£lion am (fig. 
7.) which would carry it through the fpace ad in a fmall 
particle of time, and any force which may be reckoned 
conllant for that time urges the body through the fpace 
DC perpendicular to am, the body at the end of that time 
will arrive at the poipt c; bnt joining ac we are not tb 
fuppofe, that, if that force ceafed to acSt, the body would 
proceed in the dire6tioa acl: for take c^ equal and pa- 
rallel to ad, and cdin cd produced equal to i^CD, and 
the direaion of c at that point will l?e c/, the diagonal of 
the parallelogram c dim. 

Thus when a body revolves in any curve by a centri- 
petal force (fig. 8.) we may, with Sir isaac newton, 
fuppofe the curve to be compofed of an indefinite num- 
ber of right lines, and the body to move either in the 
chords or the tangents of the curve; but then we are to 
take care that we make not fuppofitions. inconfiftent with 
each other. Let the curve be a circle, and ad a tangent 
at the point a the direction of the body's motion when 
it arrives at that point, and let dc, parallel to the diame- 
ter AL be the ejQfe^l of the centripetal force : then, if we 
% fuppofe 
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foppofethe body 10 mm&^Bg tfe chord ac, and lay, 
thdJt the angle CAt> meafures the deflection of the ptath 
in the time of the body's moving through the arc or 
chord AC^ we ifliaU miftafce by one half of the true quan- 
tity ; for draw the tangent at c, and fince A^isequalto 
^c from the property of the circle, the angle cdt> of de- 
viation is equal to twicethe angle CA^, The pra<Sticeof 
l^EWTON in a fimilar cafe, where he is inveftigating the 
horary motion of the lunar nodes in a circular orbit, is 
entirely confiftent with this. See the Priiicipia, lib. III. 
prop. 30* 

4 i5i M* i>'a!j3b.mbeiit has lately charged Simpson's 
aasount of the precejSion of the equinoxes with fome 
miftakes of this nature in his fecond lemtna; but, in 
juftice to SIMPSON, I muft fay, that, whatever other de- 
fe^iks there may be in his paper, lam convinced^ after the 
m(^ diligent attention, that thofe alluded to are without 
foundation* 

§ i6# Sir iSiAAC NEWTON firfldbferved, that an ho- 
mogmediis globe cx>uld not pofllbly retain many difHnft 
moMons, w^hout compounding them all into one, and 
revcriviflg with a fimple and unifOTm motion about aa 
inv^ia;bl0 a^is. When two fcM:te3 irnprefs upoii a globe 
two diftinfit circular motions ''^ he briefly concludes ia 

(If) See Principiajt lib. I. prop, txvi. coroH. a2» 

Ills 
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lais way, from the laws of motion, that it is the lime thing 
as if thofe two forces were at once impreflfecl in the com- 
mon interfe<5tion of the equators of thofe motions^ and 
upon this principle we fiippofed a/ in art^ 7. to be the 
direilion of the new equator* In ordei to remove any 
doubts that might arife about the juftnefs of this mode 
of compounding motion, frisiijs has giveii % geona^^iri-^ 
cal demonftration of the prtficiple: but the thing may 
be (hewn much more eafily in the following mannet i 
Suppofe (fig- 9.) RB, AB, to be two axes ab<^t which 
every point in the plane abpr tends to move with vefoti- 
ties as the refpedtive diftances from the axes; let PCLP^r- 
pendicular to ab be to PR perpendicular to iRB as the an- 
gular velocity of p about KB td the angular velodiy of 
the fame point about ab, arid Ic^t the velocities^ be in cxm- 
trary directions : then, I fty, every p6itit in the plane 
will move with a velocity proportional to its diftance from 
the axis pb. Firft, it is evident, that any point c in fhie 
axis RB will move round PB with a velocity propottioni^ 
to its diftance cm: for the vpoifit e lyiiig in the axis Rb 
has no velocity round rb, and cm is proportional to cn^ 
Draw p c parallel to ab> and any point d irt that fiiie will 
move with a velOGity proportional to dv,^ Which Is per- 
pendicular to PE^ for the following redfon^ 

The 
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The velocity of d i^ equal to the differenc© of.ftS t^vv^ 
velocities roianii the reipe6live axes hb, mJj ot the 3ijKr^ 
ence of d's velocity round rb, and J?'s velocity round a ff^^ 
fiiK:e all the points in pc niove with ;the: f^me velocity 
ix>und AB.^ Dra^ DT parallel to eHy and thii^ difference 
will be pFoportibnal to pt, becaufe the velpckies of v 
round rb, ab, are fuppofed equal to each other, and rr 
i& proportional to d v, and every point in the ptene moves 
round pb with a velocity proportional to its dift^nce; and* 
the fanie: thiBg may be fhewn when any point is taken; 
without the plane ASCPR^ 

§ 1 7, Becaufe any point c in the asasuB moves witto 
the fame velocity round pb as it does round ab^ tfeeangu^ 
lar velocities round the two axes ab, pb, witt be to each 
other iriveKfely a^, their reipe<Stivediflfan€estcN, cmy and 
becaufe cn : c m :: pb : pc and i^r : PQ;:: fc t CB?, itj fej* 
lows, tbat'SA tpa dm^nai of tbi pamUehgrni9(^ v^to. wUt^ 
reprefent the angular velocity of ihe revolving plafiByWben 

r 

BO, ^i am takefi^i ttJ^^each other aj the angular <oelmiUm 
of tk^:fiame plane r&un4 ib%f^ refpiSiim ax^. 

§ iS. From this it clearly follows^ that the reafom 
givea by simfson %in his mifcellaneous tracfts, of the 
diflferei^ce between Jii$ own^ iblation a^^ that of hewtoi^ 
in the Frincipia, cannot pofiibly be the tiiuei^Hiei ** te 

(f^ Pages 44, and 45. 

^^ appears; 



5^4 ^^* MILKER on the 

^« appears further,'' fay she, " byperufinghisthirty-^ninth 
" propofition, that he there aflhmes it as a principle, that 
" if a ring encompaffing the earth at its equator, but de- 
<^ tached therefrom, was to tend or begin to move about 
" its diameter with the fame accelerative force or angular 
" celerity as that whereby the earth itfelf tends to move 
^y about the fame diameter through the action of the 
<^ Sun, that then the motion of the nodes of the ring and 
" of the equator would be exa6tly the fame.** 

The principle is certainly implied in newton's proofs 
and is capable of the moft rigid demonftration, art. 1 6, 

17- 

§ 19* It will be aflced then, wfaereis the fault of new^. 

ton's reafoning? How comes his cdnclufion to be too lit- 
tle by above one half ? It is acknowledged on all hands 
that there is an error in his third lemma; but then the 
c6rre<ftion of that error makes only a very finally altera- 
tion in the refult. 

It is impoffible for any one ta form a complete judge-* 
ment of his method without going through the whale of 
his calculations, which pre-fuppofes that the mean mo-^ 
tion of the lunar nodes is computed. This motion may 
be concifely determined and exactly enough for the pur- 
pofe from prop* 30. af the Principiay and from thence is 
inferred the motion of the nodes of a fatellite revolving 

in 
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ift the plane of the equator at the furface of the earth 
with a velocity equal to that of the earth round its axis. 
We«a3;e then to fuppofe, that the mean motion of the 
nodes of a latellite, revolving with fuch a velocity, is the 
fame with the motion of the Bodes of a ring of rigid 
matter furrotinding the earth at its equator, and revolv- 
ing with th^ fame velocity. This lafl: hypothefis is ad- 
mitted by SIMPSON, who thinks that his own feeond 
temma contains a full demonftration of the point. For 
my own part, I believe with frisius, that we ate to look 
here for the material error in newton's foluti^n of the 
problem* It is evident, that xht^true motion of the nodes 
of the fateUite, and the ring of matter, are not the fame; 
and it is by no means obvious, that their mean motions 
are fo. The mean motion of the nodes of a ring of hard 
matter cohering together is very eafily computed by the 
method in art. 4th to the 9th, and turns out nearly dou- 
ble the mean motion of ^ Moon revolving at the furface 
of the earth with the fame Velocity. 

It is a very interefting enquiry to find out the real 
caufe of the miftake in the Principia, lib. IIL prop. 39.; 
and therefore at a future opportunity I may, perhaps, con- 
sider this particular part of the fubjedl more attentively. I 
have long been fatisfied with the account already gi ven,and 

Vol. LXIX. Z z z fliould 
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fliould probably have remained fo, if M. d'ailembe:RT ^^\ 
in his Opiifc. vol, V. had not pe^fifted to affirm^ thiat the 
mean motion o£ the nodes of the ring of matter arid of 
the fatelUte Avere the fame* 

This opinion of fo celebrated a mathematician raifes 
fcruples in one's mind ; and lhews> that when we ven- 
ture to differ from Sir isa ac new yon in thefe matters, ft 
is with the utmoft. difficulty that we can arrive at cer-- 
tainty. 

(d) II n'y a <5e pBrife qije dans le mouvexiient mcym de>ces deux anncaur, oa 
del'anneau folideetdela lune; lesniouvemens i«/?tf«/<i««i font ttes differens de 
part etd'autrfi5.amfi la comparaifondii^mouvementde Tanneau avcc celui de la 
lune, ferviroit tout au plus a trouver le mouvement moyin deTanneau, ou de U, 
pr^celEon des equinoxes, mais nullemcnt^a determiner kiiutationd&raxe^l 
Fequation de la preceffibn, . 
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